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Abstract 

Background: Array-CGH is considered as the first-tier investigation used to identify copy number variations. Right 
now, there is no available data about the genetic etiology of patients with development delay/intellectual disability 
and congenital malformation in East Africa. 

Methods: Array comparative genomic hybridization was performed in 50 Rwandan patients with development 
delay/intellectual disability and multiple congenital abnormalities, using the Agilent's 180 K microarray platform. 

Results: Fourteen patients (28%) had a global development delay whereas 36 (72%) patients presented intellectual 
disability. All patients presented multiple congenital abnormalities. Clinically significant copy number variations were 
found in 13 patients (26%). Size of CNVs ranged from 0,9 Mb to 34 Mb. Six patients had CNVs associated with 
known syndromes, whereas 7 patients presented rare genomic imbalances. 

Conclusion: This study showed that CNVs are present in African population and show the importance to 
implement genetic testing in East-African countries. 

Keywords: Developmental delay, Intellectual disability, Multiple congenital abnormalities, Array-CGH, Copy number 
variation, Rwandan patients 



Background 

Intellectual disability (ID) is described by significant limi- 
tations in both intellectual functioning and adaptive be- 
haviour that begin before the age of 18 years. A diagnosis 
of intellectual disability is usually made when IQ testing 
reveals an IQ of less than 70, which means that often the 
diagnosis is not made until late childhood or early adult- 
hood. However, most persons with intellectual disability 
are identified early in childhood on the basis of concern 
about developmental delays, which may include motor, 
cognitive, and speech delays [1,2]. Developmental delay 
(DD) is a subset of developmental disabilities defined as 
significant delay in two or more of the following develop- 
mental domains: gross/fine motor, speech/language, cog- 
nition, social/personal, and activities of daily living [3]. 
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Intellectual disability can range from mild to profound 
and can be associated with other clinical findings as part 
of a syndrome or can occur as an isolated phenotype [4]. 
When ID and DD are associated with multiple congenital 
anomalies (MCA), chromosomal abnormalities are sug- 
gested as the most frequent cause [5]. 

The prevalence of intellectual disability occurs in 2-3% 
of the general population worldwide [6,7], however little is 
known at this time about genetic causes of DD/ID in low- 
income countries [8]. Right now, there is no available data 
on genetics of DD/ID and MCA in East Africa. In low- 
income countries, environmental factor such as malnutri- 
tion, infections, birth asphyxia, cultural deprivation, poor 
health and parental consanguinity play a key-leading role 
in the occurrence of ID and DD [7,9]; but the involvement 
of genetics diseases in the occurrence of these impair- 
ments cannot be ignored. 

During the last five years, array comparative genomic 
hybridization (array-CGH) has revolutionized the diagnostic 
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approach to children with unexplained DD/ID and con- 
genital malformations and has become the first-tier in- 
vestigation in such patients [10]. 

Here, we present the first Rwandan study of array- 
CGH application in a selected cohort of 50 children with 
DD/ID/MCA. 

Methods 

Patients 

Fifty Rwandan patients who consulted the department 
of medical genetics of the University Teaching Hospitals 
of Rwanda (Kigali and Butare) form January 2010 to 
December 2012 were included in this study. The male/ 
female ratio was 1.94. The mean age was 6.41 ± 5.8. In- 
clusion criteria were the presence of DD/ID associated 
with MCA. 

After clinical evaluation by a clinical geneticist, pa- 
tients received genetic routine evaluation including the 
FMR1 gene study (Fragile-X) and standard karyotype. 
Patients with trisomy (21, 13 and 18) were not included 
in the cohort. The karyotypes of 47 patients were normal 
but 3 patients had abnormal karyotypes. These abnor- 
malities consisted of a supernumerary maker, a duplica- 
tion lp and a terminal deletion lOp. 

The study was approved by the Rwandan National 
Ethics Committee (N°394/RNEC/2013). Signed informed 
consent forms and permission for publication of this re- 
port and any accompanying images were obtained from 
the parents or legal guardians of all patients. 

DNA extraction 

DNA was extracted from peripheral blood leukocytes 
using the phenol/chloroform method and following 
manufacturer's instructions. DNA extraction was per- 
formed at the Laboratory of Medical Genetics of the 
University of Rwanda, and then transferred to the 
Center for Human Genetics at Liege-Belgium in appropri- 
ate conditions. 

Array CGH analysis 

Oligonucleotide array-CGH was performed in fifty pa- 
tients using SurePrint G3 Human CGH Microarray ISCA 
4xl80K v2 (AMADID 031748; Agilent Technologies, 
Santa Clara, CA, USA). The 180 K kit (180,000 probes) 
has an overall median probe spacing of 13 kb. Analysis 
was performed according to the protocol provided by 
the supplier (Agilent Oligonucleotide Array-Based CGH 
for Genomic DNA Analysis, version 6.3). Arrays were 
scanned using a SureScan High Resolution Microarray 
Scanner (Agilent). Data were imported using the Feature 
Extraction V.9.5.3.1 software and results were analyzed 
using CytoGenomics Analysis software v2.5 (Agilent). The 
Aberration Detection Methods 2 algorithm (ADM2) was 
used to analyze data with a threshold of 6.0 and a moving 



average window of 0.2 Mb. Log 2 ratios under 0.4 and 
variations with less than four consecutive probes were 
excluded. Genomic positions were based on the UCSC 
February 2009 human reference sequence (hgl9) (NCBI 
build 37 reference sequence assembly). Filtering of 
CNVs was carried out using the BENCHlab CNV soft- 
ware (Cartagenia, Leuven, Belgium). Gene informations 
were collected from available literature and different 
database as described before [11]. 

Confirmatory analysis 

Multiplex ligation-dependent probe amplification (MLPA) 
and Fluorescence in situ hybridization (FISH) were per- 
formed to confirm the results of array-CGH and the mode 
of inheritance. An additional file shows some MLPA re- 
sults (see Additional file 1). 

Multiplex ligation-dependent probe amplification analysis 

MLPA analysis was carried out according to the manufactur- 
er's instructions (MRC Holland, Amsterdam, Netherlands), 
using the SALSA probe mix P036 and P070 Human 
Telomere and SALSA probe mix P245 microdeletion 
syndrome. Amplification products were analyzed using 
capillary electrophoresis on ABI PRISM 3100 Genetic 
Analyzer. The data obtained were analyzed using the Se- 
quence Pilot software (JSI medical systems, Kippenheim, 
Germany). 

Fluorescence in situ hybridization analysis 

FISH was performed using standard protocols with com- 
mercially available probes as previously described [11]. 
Chromosomal abnormalities detected by array-CGH 
were confirmed and visualized by metaphase FISH using 
corresponding BAC clones. When available, parental 
chromosomes were also analyzed by metaphase FISH to 
exclude inherited rearrangements. 

Results 

Array-CGH revealed copy number variations (CNV) of 
clinical significance in 13 patients giving a diagnosis rate 
of about 26%. Twelve patients presented one chromo- 
somal aberration, while two concomitants abnormalities 
(i.e. 1 duplication and 1 deletion) were detected in 1 pa- 
tient (patient 36). The size of the CNVs ranged from 
0,9 Mb to 34 Mb. Six patients had CNVs related to 
known syndromes including William-Beuren syndrome 
(microdeletion 7q23.11,OMIM 194050, patient 6), dele- 
tion 22qll.21 (OMIM 192430, patient 14 and 37), dupli- 
cation 7q23.11 (OMIM 609757, patient 34), deletion 
8p23.1 (patient 17) and deletion 17q21.31 (OMIM 610443: 
patient 45). Seven patients presented rare genomic im- 
balances: trisomy 18p (patient 1), deletion 6ql6.1-q21 
(patient 13), duplication Ip35.3-p31.3 (patient 16), dele- 
tion 8p23.1 (patient 17), deletion 7q34-q36.2 (patient 18), 
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deletion 2q33.1-q33.3 (patient 20), deletion 10pl5.3-pl4 
(patient 39) and microduplication 8q24.3 concomitant 
with microdeletion 16pl3.3 (patient 36). Eight patients 
presented a de novo aberration (16%), one abnormality 
was maternally inherited. In four patients the mode of in- 
heritance was not investigated since the parents' DNA 
was not available (Table 1). 

Clinical description of our cohort 

Among fifty patients, 14 (28%) had a global development 
delay whereas 36 (72%) patients presented intellectual 
(ID) disability. Patients with ID were of different degrees: 
mild (6 patients), moderate (11 patients), severe (16 pa- 
tients) and 3 with profound ID. All patients presented 
MCA. The most common clinical features were cranio- 
facial dysmorphism found in 41 patients, limbs abnor- 
malities in 14 patients, congenital heart defect in 15 
patients, microcephaly in 9 patients and external geni- 
talia abnormalities in 4 patients (Table 2). 

In this report, we described case by case each patient with 
clinical relevant copy number polymorphism (Figure 1). 



Patient 1 was a 6-year-old girl patient who consulted 
for moderate ID associated with an atriventricular septal 
defect (AVSD) and atrio septal defect (ASD). Clinical 
evaluation showed minor facial dysmorphic features 
characterized by hypertelorism, low set ears, down- 
slanted palpebral fissures, flat midface, a small mouth, 
bilateral incomplete transverse simian crease and clino- 
dactyly. Her karyotype revealed an extrachromosomal 
marker. The karyotypes of her parents were normal. The 
array-CGH showed a duplication of 14 Mb in the 
18pll.32pll.21 region and a duplication of 2925 kb in 
18pll.21-qll.2 regions. However, the 1,1 Mb pericen- 
tromeric region of 18p (14,241,744-15,345,079) showed 
normal values. 

Patient 6 was an 11-year-old boy with moderate ID. He 
had a large face, large lobule, periorbital fullness, wide 
mouth with full lip and a small jaw. He presented a 
friendly behavior with old-looking appearance according 
to his age. Echocardiography showed a mitral valve pro- 
lapse. The array-CGH revealed a deletion of 1442 kb local- 
ized in the Williams-Beuren syndromic region (7qll.23). 



Table 1 Array-CGH results and clinical features of the 13 Rwandan patients with pathogenic CNVs 



Patient 


Age 


Gender 


Array result 


Size 


Inheritance 


Clinical features 


1 


6y 


F 


arr [hg 1 9] 18p11.32p1 1.21 (108, 
760-1 4,241 ,744)x3; 1 8p 1 1 .2 1 q 1 1 .2 
(15,345,079-1 8,270,51 3)x3 


14 Mb 


de novo 


DD, moderate ID, facial dysmorphism, hypertelorism, 
AVSD with ASD, single transverse palmar crease. 


6 


11 y 


M 


arr [hg 1 9] 7q 11.23 (72,700,414- 
74,142,327)x1 


1442 kb 


de novo 


Moderate ID, facial dysmorphism, friendly behaviour, 
Mitral valve prolapse. 


13 


6y 


M 


arr [hg 1 9] 6q16.1q21 (93,818, 
221-108,052,559)x1 


14 Mb 


Unknown 


Absence of speech with severe ID, facial 
dysmorphism, ear abnormalities, microcephaly, 
bilateral cryptorchidism and autistic-like behavior 
and underweighted. 


14 


15 y 


M 


arr [hg 1 9] 22q1 1 .21 (18,706, 
001-21,464,1 19)x1 


2758 kb 


de novo 


Mild ID, hypotonia at birth, facial dysmorphism, 
hypemasal speech, a short stature. 


16 


6y 


M 


arr [hg 1 9] 1p35.3p31.3 (29,531, 
861-63,886,221)x3 


34 Mb 


de novo 


Moderate ID, anxiety and hearing impairment. 
Facial dysmorphism, clinodactyly. 


17 


9y 


M 


arr [hg 1 9] 8p23.1 (7,145,710-12, 
450,758)x1 


5305 kb 


Unknown 


ASD, VSD with PS. Discrete facial dysmorphism, a 
shield shaped chest with supranumerary nipples. 
Hyperactivity, impulsiveness with moderate ID. 


18 


4y 


F 


arr [hg 1 9] 7q34q36.2 (141,383, 
31 1-154,467,488)x1 


13 Mb 


de novo 


DD, speech impairment and Facial dysmorphism. 


20 


6y 


M 


arr [hg 1 9] 2q33.1q33.3 (198,383, 
221-206,943,477)x1 


8560 kb 


de novo 


Severe ID, facial dysmorphism with absence of 
speech and autistic spectrum behavior. 


34 


25 months 


F 


arr [hg 1 9] 7q 11.23 (72,726, 
572-74,1 33,332)x3 


1406 kb 


Maternally 
inherited 


Cor pulmonare associated with a DD and speech 
delay.facial dysmorphism, genu valgum. 


36 


14 y 


F 


arr [hg 1 9] 8q24.3 (143,631, 
709-1 46,274,835)x3,16p1 3.3 
(96,766-1, 850,720)x1 


2643 kb and 
1 754 kb 


Unknown 


Severe ID, facial dysmorphism clubfoot, short 
stature and behavior problems characterized by 
self-mutilation. 


37 


6y 


M 


arr [hg 1 9] 22q11.21 (18,706, 
001-21,464,1 19)x1 


2758 kb 


de novo 


Speech delay, severe ID, VSD, DD, Facial 
dysmorphism, ear abnormalities. 


39 


4y 


F 


arr [hg 1 9] 10p15.3p14 (136, 
361-1 1,073,839)x1 


10 Mb 


de novo 


DD, neonatal hypotonia, and absence of speech 
development. Facial dysmorphism and clinodactyly. 


45 


2y 


M 


arr [hg 1 9] 17q21.31q21.32 
(44,1 56,499-45,1 52,41 6)x1 


995 kb 


de novo 


DD, epilepsy, facial dysmorphism consisting of 
hypertelorism, low set ears, hypotonia and 
sparse hair. 
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Table 2 Clinical characteristics of the 50 Rwandans 


Array-CGH revealed a 22qll.22 deletion of 2758 kb in 


patients with ID/DD and MC 




patient 14 and patient 37. Patient 14 (15 years) presented 


Characteristics 


Number (percentage) 


mild ID, hypotonia at birth, dysmorphic features charac- 


Gender 




terized by hypertelorism, narrow palpebral fissures, wide 


Male 


33 (66%) 


nasal bridge, small ears with overfolded helix, short phil- 


Female 


1 7 (34%) 


trum and a large upper lip. He had hypernasal speech, a 


short stature without any congenital cardiac defect. The 


Age groups 




second patient (patient 37) a 6-year-old boy consulted for 


< 5years 


24 (48%) 


speech delay, severe ID and ventricular septal defect 


5-1 5 years 


1 9 (38%) 


(VSD). He had DD, dysmorphic features marked by hyper- 


> 15 years 


7 (14%) 


telorism, attached ear lobe, preauricular pits, cupped ears 


Intellectual disability 




and bulbous nasal tip. 


Present 


34 (68%) 


Patient 16 had a large interstitial duplication lp 35.3p31.3 


/ \ r J /I -2 /I J\/lr> 1 r~\ a Til I ron y I A 1 r\ r\t~w t no/1 Y~Y~\ Anon f~o 111 tittH"^ *i 

Ul Jl^jf 1V1D. llLc IW-ycdJL-OlU. UUy lldU ill(JUclalc liJ Willi a 


Mild 


4 (8%) 


ni^rnrv of DD anviptv and n pari no" imnairmpnr T-Tp dtp- 

1 LIO L W 1 V Ul lS l ' y ul 1^Y1V_ L V Cll 1U 1 LCul 11 1C 111 1 L/Clll lllV^llL- 1 Iv Ul v 


Moderate 


1 3 (26%) 


<jpntpn fa rial nvsirinrrini^iTi rnararrpri7Pn nv nvriprrplnrism 

OV_ 1 1 LV_. V_l luvlul V_l y .1)1 1 IV 1 \J L L131 11 V_ 1 Lul CIV_ LV_. 1 1 /_-V_ V_l \J y 1 Ly L/Ll LL1U1 lol 1 1, 


Severe 


1 6 (32%) 


strabismus, depressed nasal bridge, arched eyebrows, mid- 


Profound 


1 (2%) 


face hypoplasia, anteverted nostrils macroglossia, teeth 


Not evaluated 


1 6 (32%) 


malposition and clinodactyly. We noticed unilateral ble- 


Development delay 




pharospam on the right side. 


6 (12%) 


Patient 17 was a 9-year-old boy in whom array-CGH 


Absent 


rpvpalpn a HplpHon in tnp 8n9^ 1 rpo"inn l-TtQ r'linifal fpa- 

1 v V CI 1 v. V_l d vl^l^. L 1 w 11 11 1 LI IV^ U U^lJ - 1 1 CC.1U11* 1 llo l^lll 1 1V_ ell 1 CI 


Present 


44 (88%) 


tures consisted of a congenital cardiac defects character- 


Facial dysmorphism 




ized by atrial septal defect (ASD), ventricular septal 


Absent 


9 (18%) 


defect (VSD) with a pulmonary stenosis (PS). He had 


Present 


41 (82%) 


discrete dysmorphic features characterized by overfolded 


Congenital heart defect 


ears, a shield shaped chest with supernumerary nipples. 




i_r* u u • j* J hjfu j . 
rlis benavior disorders consisted or Hyperactivity and mi- 


Absent 


35 (70%) 


ni ll ?ivpnp<;s "wifn mnnpratp TD 

LJ Ullol V CI lC3o VV1L1L 11 IVJ^wlCTl. CI LC 1 1 ' . 


Present 


1 5 (30%) 


Patient 18, a 4-year-old girl consulted our department 


Hand and limb abnormalities 




for DD, speech impairment and facial dysmorphic features 


Absent 


36 (72%) 


characterized bv coarse face hvnertelorism enicanthic 


Present 


1 4 (28%) 


folds, mild synophris, deep set eyes, narrow palpebral fis- 


Uro-genital malformation 




sures, bulbous nasal tip, low set and misshapen ears. The 




a-C(ari detected a / qa4qo6.2 deletion with a large dele- 


Absent 


46 (92%) 


tion of 13 Mb 

L1U1 1 \J L 1 • J 1»1U. 


Present 


4 (8%) 


Pafipnr "^0 nrpQpnfpn a "JcxW 1 -c\W '-K Hplprinn "Tnp na- 

1 CIL1C11L jLj\J uirjiCllHTU CI ^.U JJ.l KJ,_>._}.<J l\Z LLVJ 1 1 . 1 1LC L/tl 


Epilepsy 




tient was 6-year-old boy who had severe ID, facial dys- 


Absent 


43 (86%) 


morphism consisting of a large face, dental abnormalities 


Present 


7 (14%) 


and high arched palate with absence of speech and autistic 


Microcephaly 




spectrum behavior. 




Patient 34, a 25-month-old girl had maternally inher- 


Absent 


41 (82%) 


ited 7qll.23 duplication She was referred for manage- 


Present 


9 (18%) 


ment of a cor pulmonale associated with a DD and 



speech delay, dysmorphic features dominated by hyper- 
telorism, prominent forehead, low set and small ears. 
Patient 13 presented a deletion 6ql6.1q21 of 14 Mb size. She also had genu valgum. The mother had a past med- 
He was a boy aged 6 years who consulted for absence of ical history of delayed speech, moderate intellectual dis- 
speech with severe ID. Clinical features included ear ab- ability. Her phenotype consisted of low set and small 
normalities, microcephaly (head circumference of 47 cm ears with prominent forehead. 

equals to -4 SD), hypertelorism, short philtrum, cupped Patient 36 showed unusual chromosomal abnormalities 
ears, brachydactyly, wide spaced nipple, bilateral crypt- with the co-occurrence of a 8q24.3 duplication and a 
orchidism and autistic-like behavior. He had a good appe- 16pl3.3 deletion. The patient a 14 year old girl, was referred 
tite but was underweighted (15 kg equal to - 2SD). for severe ID, facial dysmorphism with hypertelorism, high 
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forehead, short philtrum, broad nasal bridge, low set ears, 
clubfoot, short stature and behavior problems characterized 
by self-mutilation. 

A large 10pl5.3pl4 deletion was found in a 4-year-old 
girl (patient 39). She presented DD, neonatal hypotonia, 
and absence of speech development. Facial dysmorphism 
consisted of hypertelorism, high arched eyebrows, short 
philtrum, thin upper lips, low set ears, and clinodactyly. 

Patient 45 had a microdeletion 17q21.31 of 995 kb. He 
was a 2-year-old boy with DD, epilepsy, facial dysmorph- 
ism consisting of hypertelorism, low set ears, hypotonia 
and sparse hair. 

Discussion 

Our study is the first largest cohort of East-African pa- 
tients with DD/ID characterized by array-CGH. In our 
cohort of 50 Rwandan patients we detected 14 genomic 
imbalances yielding a diagnosis rate of 26%, which is 
higher than other reported array-CGH studies in pa- 
tients with DD/ID [12-14]. However, the high detection 
rate might be explained by the selection bias of our pa- 
tients characterized by more discriminatory criteria than 
in reported previous studies. However, our result are 
comparable to those reported by Iourov and al [15], 
where they concluded that an application of array-CGH 



to highly selected patients is able to reveal an impressive 
detection rate of structural genome variations. 

We reported only clinical relevant CNVs (Figure 2) in 
our patients in whom 6 had known syndromes, and 8 
had rare but previously reported CNVs. Interestingly, 
one patient was the second reported in the literature 
presenting concomitant 8q24.3 duplication and 16pl3.3 
deletion [16], and the first patient with this abnormality 
to be characterized by array-CGH. 

Known syndromes 

Five of our patients presented known syndromes associ- 
ated with distinct phenotype. Among them, two pre- 
sented rearrangement in the Williams-Beuren critical 
region, patient 6 with a de novo 7qll.23 deletion of 
1.442 MB and patient 30 with a maternally inherited du- 
plication 7qll.23 of 1.4 MB. The deletion encompassed 
30 genes while the duplication involved 28 genes. CNV 
encompassed the candidate gene ELN, LIMK1, GTF2I, 
and GTF2IRD1 mainly involved in clinical features 
found in this syndrome. Deletion of ELN gene is clearly 
involved in the vascular anomalies and other connective 
tissue abnormalities in William-Beuren syndrome (WBS) 
[17]. LIMK1, GTF2I and GTF2IRD1 genes have been re- 
lated to aspects of cognitive delay [18,19]. Duplication of 
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Figure 2 Results of array-CGH analysis. A large duplication 1p35.3p31.3 found in patient 16; B chromosome 2q33.1q33.3 deletion found 
in patient 20. C deletion 6q16.1q21 (patient 13). D deletion 7q34q36.2 found in patient 18. E result of patient 17 with a deletion 8p23.1. 
F duplication 8q24.3 associated with a deletion 1 6p1 3.3 found in patient 36. G large deletion 10p15.3p14 found in patient 39. 



the 7qll.23 has been reported to be associated with 
severe delay in expressive language suggesting that 
specific genes within this region can influence lan- 
guage [20]. This suggestion is consistent with clinical 
features of our patient as at 2 years of age she had not 
yet developed speech and even her mother had a his- 
tory of speech delay. 

In our study, we found two patients (patients 11 and 
33) with deletions in the 22qll.22 region. Deletion 
22qll.22 is characterized by its broad spectrum pheno- 
type [21]. In our study one patient had a velopharyngeal 
insufficiency with moderate intellectual disability while 
the other patient presented a VSD and severe ID. Both 
patients had ears abnormalities and this sign has been 
suggested as the most prevalent in African-American pa- 
tients with 22qll.22 deletion [22]. 

In addition, array-CGH revealed a deletion of 5 Mb 
in the 8p23.1 region in patient 17. Clinical features 



were consisting with the 8p23.1 deletion syndrome. 
The deletion encompassed the GATA4 gene, which en- 
codes for zinc finger transcription factor and is consid- 
ered as a likely candidate for the cardiac malformation 
[23,24]. However, this is consistent with our patient 
since he is born with a complex congenital heart defect 
including ASD. 

Patient 45 presented a deletion in the 17q21.31q21.32 
region of about 1 Mb, that encompassed about 30 genes 
including KANSL1. The 17q21.31 deletion syndrome 
has been suggested as a single gene disorder caused by 
haploinsufficiency of KANSL1 gene [25]. Most case of 
17q21.31 deletions reported map to large clusters of 
flanking low copy repeats (LCRs), suggesting that the de- 
letions are stimulated by non-allelic homologous recom- 
bination (NAHR) [26]. 

The 17q21.31 genomic interval contains a common 
900 kb inversion polymorphism, resulting in a haplotype 
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block with two highly divergent haplotypes designated 
HI and H2. The H2 haplotype is enriched in Europeans, 
and carriers are predisposed to the 17q21.31 microdele- 
tion syndrome as a result of NAHR between directly ori- 
ented segmental duplications mapping on the inverted 
chromosome. An ancestral H2 haplotype (H2') lacking 
these duplications was identified and Steinberg and al 
suggested that it arose in Eastern or Central Africa [27]. 
Our patient is the second known African American re- 
ported with 17q21.31 microdeletion [28]. Morever, the 
breakpoints of our patient's deletion do not map inside 
the recurrent minimal 424 kb critical region deleted 
found in patients reported by Koolen and al [26]. 

Rare reported CNVs 

In our cohort, nine patients presented previously re- 
ported but rare CNVs. Patient 1 had a trisomy for the 
short arm of chromosome 18 originating from a small 
supernumerary marker chromosome (sSMC). Interest- 
ingly, Trisomy 18p caused by sSMC has been previously 
reported in six patients [29]. The phenotype of our pa- 
tient is in agreement with previously described patients 
with such similar chromosome abnormality [30]. 

An interstitial 6q 16.1q21 deletion of about 14 MB 
encompassing nearly 98 genes was detected in patient 13. 
Suggested candidate genes involved in the central nervous 
system (CNS) development were EPHA7 and GRIK2. 
EPHA7 encodes for a member of the ephrin family impli- 
cated in mediating developmental events, particularly in 
the nervous system [31]. GRIK2 encodes for a glutamate 
receptor that has been associated with autistic-spectrum- 
disorders and neuropsychiatric diseases [32]. The CNV 
encompassed genes involved in regulation of feeding 
behavior such as SIM1, MCHR2 and POU3F2. SIM1 
haploinsufficiency has been proposed to cause Prader- 
Willi-like phenotype in 6q deletions [33-35]. Moreover, 
some features of the Prader-Willi syndrome such as obes- 
ity, are missing in our patient. 

Patient 13 had a large duplication in the region 
Ip35.3p31.3. Chromosome lp duplication is a very rare 
rearrangement with a variety of clinical features and is 
associated with short-term survival. To date, only 20 pa- 
tients have been described in the literature [36]. Due to 
the high number of genes, approximately 600 genes are 
included in the duplication region, it was difficult to cor- 
relate the genotype to the phenotype. However, patients 
with mutations in genes mapping in the Ip35.3p31.3 re- 
gion presented similar clinical features with those of our 
patient. Patients with homozygous mutations in SNIP1 
or COL9A2 had some cranio-facial dysmorphic features 
observed in our patient. Normally, patients with SNIP1 
mutations present bulbous nose, wide mouth and 
macroglossia. Moreover, in our patient, the psychomotor 
delay is less severe than those patients [37]. Mutations 



in COL9A2 gene cause the autosomal recessive Stickler 
syndrome type 5. Patients affected by this syndrome 
present some of our patient's clinical features such as 
midface hypoplasia, anteverted nostrils and hearing im- 
pairment [38]. In addition, heterozygous mutations in 
the GJB3 and KCNQ have been associated with auto- 
somal dominant hearing loss [39,40]. Genes linked to ID 
mapped in the duplicated region are GLUT1, ST3GAL3. 
Heterozygous mutations in the GLUT1/SLC2A1 gene, 
occurring de novo or inherited as an autosomal domin- 
ant trait, result in cerebral energy failure and a clinical 
condition termed GLUTl-deficiency syndrome (GLUT1- 
DS). Clinical features usually comprise motor develop- 
mental delay and intellectual disability, seizures with 
infantile onset, deceleration of head growth often result- 
ing in acquired microcephaly, and a movement disorder 
with ataxia, dystonia, and spasticity [41]; whereas muta- 
tions in the ST3GAL3 cause nonsyndromic autosomal 
recessive ID [42]. Recently, Crane J. and collaborators 
[43], using linkage analysis study, suggested DLGAP3 as 
a candidate gene for Tourette syndrome. Except for the 
presence of tics in our patient, other signs of this syn- 
drome were missing. 

Patient 18 showed a large interstitial deletion of 12.2 MB 
in the 7q34q36.2 region. This patient showed similar 
dysmorphic features as other patients carrying this dele- 
tion such as facial coarse face and bulbous nose [44-46]. 
Candidate genes included in the deletion are CNTNAP2, 
KCNH2 and NOBOX2. CNVs in the CNTNAP2 gene 
have been correlated with moderate and profound ID, 
speech impairment, seizures and dysmorphic features [47]. 
Even though our patient had a normal cardiac and brain 
evaluation, the deletion encompass the KCNH2 gene en- 
coding the a-subunit of the hERG-1 voltage-gated K + 
channel expressed in heart and brain tissues [48] and this 
gene was suggested as responsible of the Long QT syn- 
drome in patients with 7q34 deletion [45]. The NOBOX2 
associated with premature ovarian failure in three patients 
with 7q334-36 deletion is also deleted [49] , but our patient 
is too young to assess this sign. 

Patient 20 had a de novo deletion 2q33.1-q33.3 of 
8.5 Mb which encompassed about 118 genes. The deletion 
included the SATB2 gene, coding for a DNA-binding pro- 
tein that regulates gene expression by influencing chroma- 
tin organization and structure and orchestrating the 
transcription of several genes [50]. Haploinsufficiency of 
SATB2 is responsible for several of the clinical features 
such as craniofacial patterning, severe developmental 
delay and tooth abnormalities associated with 2q32q33 
microdeletion syndrome [51,52]. 

Patient 39 had a large deletion of 10 Mb in the 
10pl5.3pl4 region. The deletion encompassed 86 genes. 
Genes expressed in the brain are ZMYND11, DIPC2, 
ADARB2, and GATA3. ZMYND11 and DIPC2 genes 
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are the most commonly deleted in a cohort of 19 patients 
with 10pl5 deletion previously described by DeScipio 
et al. [53]. They are expressed in various tissues including 
the brain. However, little is known about their function, 
making direct genotype/phenotype correlation currently 
unclear. ADARB2 a member of the double-stranded RNA 
adenosine desaminase family of RNA-editing enzymes is 
expressed only in selected region of the brain such as 
amygdala and thalamus and may probably play a regula- 
tory role in tRNA editing in mammalian brains [54]. The 
GATA3 gene haploinsufficiency is the cause of hypopara- 
thyroidism with sensorineural deafness and renal dysplasia 
also known as Barakat syndrome [55]. Our patient had no 
sign of hypoparathyroidism or renal dysplasia but pre- 
sented sensorineural deafness. 

Combined abnormalities 

Patient 36 showed unusual abnormalities with the co- 
occurrence of 8q24.3 duplication and 16pl3.3 deletion. 
These associated abnormalities were first reported to re- 
sult from an unbalanced translocation [16]. However, 
our patient is the first to be characterized by a-CGH. 
The 2 Mb duplication in the 8q24.3 region encompassed 
around 156 genes. The partial trisomy 8q has been de- 
scribed to be associated with autism disorders [56]. The 
deletion of 1.754 Mb in the 16pl3.3 deletion is located 
in the ATR-16 syndromic region and includes 136 genes. 
ATR-16 is defined as a contiguous gene syndrome result- 
ing from hemizygous loss of the a-globin gene cluster and 
genes involved in ID [57] . Haploinsufficiency of SOX8 a 
transcriptional regulator strongly expressed in brain, is 
thought to be responsible for the ID of ATR-16 syn- 
drome [58]. The hematological evaluation of our pa- 
tient was not possible but she presented severe ID and 
a history of DD. She also presented clinical features 
found in other patients affected by this syndrome such 
as hypertelorism, high forehead, broad nasal bridge and 
clubfoot [59]. 

Conclusion 

This research highlights the contribution of genetic 
factors in the etiology of DD/IDD and MCA, especially 
the implication of chromosomal abnormalities with an 
array-CGH detection high rate of 28%. This study showed 
the importance to implement genetics services in low- 
middle income countries; as array-CGH is becoming 
cheaper, it can also be considered as the first-line analysis 
in DD/ID and MCA in those countries, because it has the 
advantages of higher diagnosis rate than the conventional 
karyotype. 

To the best of our knowledge, the present study is the 
first one done in East-African patients with DD/IDD 
and MCA. 



Additional file 



Additional file 1: Figure SI. MLPA and FISH results. 



Abbreviations 

ID: Intellectual disability; IQ: Intelligence quotient; DD: Development delay; 
MCA: Multiple congenital abnormalities; Array-CGH: Array comparative 
genomic hybridization; RNEC: Rwandan National Ethics Committee; 
MLPA: Multiplex ligation-dependent probe amplification; FISH: Fluorescence 
in situ hybridization; CNV: Copy number variation; AVSD: Atriventricular septal 
defect; ASD: Atrial septal defect; VSD: Ventricular septal defect; PS: Pulmonary 
stenosis; WBS: William Beuren syndrome; sSMC: A small supernumerary 
marker chromosome; WBI: Wallonie Bruxelles International; CUD: Cooperation 
Universitaire au Developpement. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contribution 

AU designed the study project. AU and JH were involved in data collection. 
JHC, ACH, MJ and VD supervised laboratory techniques and results 
interpretation. EKR performed cardiac ultrasound in all patients. AU drafted 
the manuscript. LM and VB supervised and coordinated all project activities. 
All authors read and approved the manuscript. 

Acknowledgements 

AU benefits a fellowship from Wallonie Bruxelles International (WBI). This 
work was funded by the Fondation Leon Fredericq and the FIRS (University 
of Liege and CHU Liege, Belgium). We are grateful for the support from the 
Cooperation Universitaire au Developpement (CUD). We also thank all lab 
technicians from the Center for Human Genetics at the University of Liege 
and the University of Rwanda. This study could not have been completed 
without the cooperation of patients and their parents. 

Author details 

'Center for Medical Genetics, College of Medicine and Health Sciences, 
University of Rwanda, Huye, Rwanda. 2 Center for Human Genetics, Centre 
Hospitalier Universitaire Sart-Tilman, University of Liege, Liege, Belgium, 
department of Pediatric Cardiology, Kigali University Teaching Hospital, 
Kigali, Rwanda. 

Received: 1 January 2014 Accepted: 8 July 2014 
Published: 12 July 2014 

References 

1. Mefford HC, Batshaw ML, Hoffman EP: Genomics, intellectual disability, 
and autism. N Engl J Med 201 2, 366(8):733-743. 

2. de Ligt J, Willemsen MH, van Bon BW, Kleefstra T, Yntema HG, Kroes T, 
Vulto-van Silfhout AT, Koolen DA, de Vries P, Gilissen Cdel Rosario M, 
Hoischen A, Scheffer H, de Vries BB, Brunner HG, Veltman JA, Vissers LE: 
Diagnostic exome sequencing in persons with severe intellectual 
disability. N Engl J Med 2012, 367(20):! 921 -1929. 

3. Shevell M, Ashwal S, Donley D, Flint J, Gingold M, Hirtz D, Majnemer A, Noetzel M, 
Sheth RD: Practice parameter: evaluation of the child with global 
developmental delay: report of the Quality Standards Subcommittee of 
the American Academy of Neurology and The Practice Committee of 
the Child Neurology Society. Neurology 2003, 60(3)367-380. 

4. Topper S, Ober C, Das S: Exome sequencing and the genetics of 
intellectual disability. Clin Genet 2011, 80(2):1 17-126. 

5. Menten B, Maas N, Thienpont B, Buysse K, Vandesompele J, Melotte C, 
de Ravel T, Van Vooren S, Balikova I, Backx L, Janssens S, De Paepe A, 
De Moor B, Moreau Y, Marynen P, Fryns JP, Mortier G, Devriendt K, 
Speleman F, Vermeesch JR: Emerging patterns of cryptic chromosomal 
imbalance in patients with idiopathic mental retardation and multiple 
congenital anomalies: a new series of 140 patients and review of 
published reports. J Med Genet 2006, 43(8):625-633. 

6. Rauch A, Hoyer J, Guth S, Zweier C, Kraus C, Becker C, Zenker M, Huffmeier 
U, Thiel C, Ruschendorf F, Nurnberg P, Reis A, Trautmann U: Diagnostic 
yield of various genetic approaches in patients with unexplained 



Uwineza et at. BMC Medical Genetics 2014, 15:79 
http://www.biomedcentral.com/1471-2350/15/79 



Page 9 of 10 



developmental delay or mental retardation. Am J Med Genet A 2006, 
140(19):2063-2074. 

7. Ropers HH: Genetics of early onset cognitive impairment. Annu Rev 
Genomics Hum Genet 2010, 11:161-187. 

8. Durkin M: The epidemiology of developmental disabilities in low-income 
countries. Ment Retard Dew Disabil Res Rev 2002, 8(3)206-21 1. 

9. Jauhari P, Boggula R, Bhave A, Bhargava R, Singh C, Kohli N, Yadav R, Kumar 
R: Aetiology of intellectual disability in paediatric outpatients in Northern 
India. Dev Med Child Neurol 201 1, 53(2):1 67-1 72. 

10. Miller DT, Adam MP, Aradhya S, Biesecker LG, Brothman AR, Carter NP, 
Church DM, Crolla JA, Eichler EE, Epstein CJ, Faucett WA, Feuk L, Friedman 
JM, Hamosh A, Jackson L, Kaminsky EB, Kok K, Krantz ID, Kuhn RM, Lee C, 
Ostell JM, Rosenberg C, Scherer SW, Spinner NB, Stavropoulos DJ, 
Tepperberg JH, Thorland EC, Vermeesch JR, Waggoner DJ, Watson MS, et ah 
Consensus statement: chromosomal microarray is a first-tier clinical 
diagnostic test for individuals with developmental disabilities or 
congenital anomalies. Am J Hum Genet 2010, 86(5)749-764. 

1 1. Delahaye A, Bitoun P, Drunat S, Gerard-Blanluet M, Chassaing N, Toutain A, 
Verloes A, Gatelais F, Legendre M, Faivre L, Passemard S, Aboura A, Kaltenbach S, 
Quentin S, Dupont C, Tabet AC, Amselem S, Elion J, Gressens P, Pipiras E, 
Benzacken B: Genomic imbalances detected by array-CGH in patients 
with syndromal ocular developmental anomalies. Eur J Hum Genet 2012, 
20(5):527-533. 

1 2. Siggberg L, Ala-Mello S, Jaakkola E, Kuusinen E, Schuit R, Kohlhase J, Bohm D, 
Ignatius J, Knuutila S: Array CGH in molecular diagnosis of mental 
retardation - A study of 1 50 Finnish patients. Am J Med Genet A 201 0, 
1S2a(6):1 398-1 410. 

1 3. Stankiewicz P, Beaudet AL: Use of array CGH in the evaluation of 
dysmorphology, malformations, developmental delay, and idiopathic 
mental retardation. Curr Opin Genet Dev 2007, 1 7(3):1 82-1 92. 

14. Koolen DA, Pfundt R, de Leeuw N, Hehir-Kwa JY, Nillesen WM, Neefs I, 
Scheltinga I, Sistermans E, Smeets D, Brunner HG, van Kessel AG, Veltman 
JA, de Vries BB: Genomic microarrays in mental retardation: a practical 
workflow for diagnostic applications. Hum Mutat 2009, 30(3)283-292. 

1 5. lourov IY, Vorsanova SG, Kurinnaia OS, Zelenova MA, Silvanovich AP, Yurov 
YB: Molecular karyotyping by array CGH in a Russian cohort of children 
with intellectual disability, autism, epilepsy and congenital anomalies. 
MolCytogenet 2012, 5(1):46. 

16. Eussen BH, Bartalini G, Bakker L, Balestri P, Di Lucca C, Van Hemel JO, 
Dauwerse H, van Den Ouweland AM, Ris-Stalpers C, Verhoef S, Halley DJ, 
Fois A: An unbalanced submicroscopic translocation t(8;16)(q24.3;p13.3) 
pat associated with tuberous sclerosis complex, adult polycystic 
kidney disease, and hypomelanosis of Ito. J Med Genet 2000, 
37(4)287-291. 

1 7. Ewart AK, Morris CA, Atkinson D, Jin W, Sternes K, Spallone P, Stock AD, 
Leppert M, Keating MT: Hemizygosity at the elastin locus in a 
developmental disorder, Williams syndrome. Nat Genet 1993, 5(1):11-16. 

1 8. Frangiskakis JM, Ewart AK, Morris CA, Mervis CB, Bertrand J, Robinson BF, Klein 
BP, Ensing GJ, Everett LA, Green ED, Proschel C, Gutowski NJ, Noble M, 
Atkinson DL, Odelberg SJ, Keating MT: LIM-kinasel hemizygosity implicated 
in impaired visuospatial constructive cognition. Cell 1 996, 86(1)59-69. 

19. Tassabehji M, Hammond P, Karmiloff-Smith A, Thompson P, Thorgeirsson SS, 
Durkin ME, Popescu NC, Hutton T, Metcalfe K, Rucka A, Stewart H, Read AP, 
Maconochie M, Donnai D: GTF2IRD1 in craniofacial development of 
humans and mice. Science 2005, 310(5751):! 184-1 187. 

20. Somerville MJ, Mervis CB, Young EJ, Seo EJ, del Campo M, Bamforth S, 
Peregrine E, Loo W, Lilley M, Perez-Jurado LA, Morris CA, Scherer SW, Os- 
borne LR: Severe expressive-language delay related to duplication of the 
Williams-Beuren locus. N Engl J Med 2005, 353(1 6):1 694-1 701. 

21. Chieffo C, Garvey N, Gong W, Roe B, Zhang G, Silver L, Emanuel BS, Budarf ML: 
Isolation and characterization of a gene from the DiGeorge chromosomal 
region homologous to the mouse Tbxl gene. Genomics 1997, 43(3)267-277. 

22. Veerapandiyan A, Abdul-Rahman OA, Adam MP, Lyons MJ, Manning M, 
Coleman K, Kobrynski L, Taneja D, Schoch K, Zimmerman HH, Shashi V: 
Chromosome 22q11.2 deletion syndrome in African-American 
patients: a diagnostic challenge. Am J Med Genet A 201 1 , 
155a(9):2186-2195. 

23. Pehlivan T, Pober BR, Brueckner M, Garrett S, Slaugh R, Van Rheeden R, 
Wilson DB, Watson MS, Hing AV: GATA4 haploinsufficiency in patients 
with interstitial deletion of chromosome region 8p23.1 and congenital 
heart disease. Am J Med Genet 1999, 83(3)201-206. 



24. Huang WY, Cukerman E, Liew CC: Identification of a GATA motif in the 
cardiac alpha-myosin heavy-chain-encoding gene and isolation of a 
human GATA-4 cDNA. Gene 1995, 155(2)219-223. 

25. Koolen DA, Kramer JM, Neveling K, Nillesen WM, Moore-Barton HL, Elmslie 
FV, Toutain A, Amiel J, Malan V, Tsai AC, Cheung SW, Gilissen C, Verwiel ET, 
Martens S, Feuth T, Bongers EM, de Vries P, Scheffer H, Vissers LE, de 
Brouwer AP, Brunner HG, Veltman JA, Schenck A, Yntema HG, de Vries BB: 
Mutations in the chromatin modifier gene KANSL1 cause the 17q21.31 
microdeletion syndrome. Nat Genet 201 2, 44(6):639-641 . 

26. Koolen DA, Sharp AJ, Hurst JA, Firth HV, Knight SJ, Goldenberg A, 
Saugier-Veber P, Pfundt R, Vissers LE, Destree A, Grisart B, Rooms L, 
Van der Aa N, Field M, Hackett A, Bell K, Nowaczyk MJ, Mancini GM, 
Poddighe PJ, Schwartz CE, Rossi E, De Gregori M, Antonacci-Fulton LL, 
McLellan MD 2nd, Garrett JM, Wiechert MA, Miner TL, Crosby S, Ciccone 
R, Willatt L, Rauch A, et al: Clinical and molecular delineation of the 
17q21.31 microdeletion syndrome. J Med Genet 2008, 45(1 1)710-720. 

27. Steinberg KM, Antonacci F, Sudmant PH, Kidd JM, Campbell CD, Vives L, 
Malig M, Scheinfeldt L, Beggs W, Ibrahim M, Lema G, Nyambo TB, Omar SA, 
Bodo JM, Froment A, Donnelly MP, Kidd KK, Tishkoff SA, Eichler EE: 
Structural diversity and African origin of the 17q21.31 inversion 
polymorphism. Nat Genet 2012, 44(8):872-880. 

28. Cooper GM, Coe BP, Girirajan S, Rosenfeld JA, Vu TH, Baker C, Williams C, 
Stalker H, Hamid R, Hannig V, Abdel-Hamid H, Bader P, McCracken E, 
Niyazov D, Leppig K, Thiese H, Hummel M, Alexander N, Gorski J, Kussmann 
J, Shashi V, Johnson K, Rehder C, Ballif BC, Shaffer LG, Eichler EE: A copy 
number variation morbidity map of developmental delay. Nat Genet 
2011,43(9):838-846. 

29. Plaja A, Lloveras E, Martinez-Bouzas C, Barrena B, Del Campo M, Fernandez 
A, Herrero M, Barranco L, Palau N, Lopez-Ariztegui MA, Catala V, Tejada Ml: 
Trisomy 18p caused by a supernumerary marker with a chromosome 
13/21 centromere: a possible recurrent chromosome aberration. Am J 
Med Genet A 2013, 161 (9)2363-2368. 

30. Rodriguez L, Liehr T, Mrasek K, Mansilla E, Martinez-Fernandez ML, Garcia A, 
Martinez-Frias ML: Small supernumerary chromosome marker generating 
complete and pure trisomy 18p, characterized by molecular cytogenetic 
techniques and review. Am J Med Genet A 2007, 143a(22):2727-2732. 

31 . Palmer A, Klein R: Multiple roles of ephrins in morphogenesis, neuronal 
networking, and brain function. Genes & development 2003, 1 7(1 2):1 429— 1 450. 

32. Motazacker MM, Rost BR, Hucho T, Garshasbi M, Kahrizi K, Ullmann R, 
Abedini SS, Nieh SE, Amini SH, Goswami C, Tzschach A, Jensen LR, Schmitz 
D, Ropers HH, Najmabadi H, Kuss AW: A defect in the ionotropic 
glutamate receptor 6 gene (GRIK2) is associated with autosomal 
recessive mental retardation. Am J Hum Genet 2007, 81(4)792-798. 

33. Bonaglia MC, Ciccone R, Gimelli G, Gimelli S, Marelli S, Verheij J, Giorda R, 
Grasso R, Borgatti R, Pagone F, Rodriguez L, Martinez-Frias ML, van Ravens- 
waaij C, Zuffardi O: Detailed phenotype-genotype study in five patients 
with chromosome 6q16 deletion: narrowing the critical region for 
Prader-Willi-like phenotype. Eur J Hum Genet 2008, 1 6(1 2):1 443-1 449. 

34. Klein OD, Cotter PD, Moore MW, Zanko A, Gilats M, Epstein CJ, Conte F, 
Rauen KA: Interstitial deletions of chromosome 6q: genotype-phenotype 
correlation utilizing array CGH. Clin Genet 2007, 71(3)260-266. 

35. Rosenfeld JA, Amrom D, Andermann E, Andermann F, Veilleux M, Curry 
C, Fisher J, Deputy S, Aylsworth AS, Powell CM, Manickam K, Heese B, 
Maisenbacher M, Stevens C, Ellison JW, Upton S, Moeschler J, 
Torres-Martinez W, Stevens A, Marion R, Pereira EM, Babcock M, 
Morrow B, Sahoo T, Lamb AN, Ballif BC, Paciorkowski AR, Shaffer LG: 
Genotype-phenotype correlation in interstitial 6q deletions: a report 
of 12 new cases. Neurogenetics 2012, 13(1)31-47. 

36. Piccione M, Antona V, Antona R, Gambino G, Pierluigi M, Malacarne M, 
Cavani S, Corsello G: Array-CGH defined chromosome 1p duplication in a 
patient with autism spectrum disorder, mild mental deficiency, and 
minor dysmorphic features. Am J Med Genet A 2010, 152a(2):486-489. 

37. Puffenberger EG, Jinks RN, Sougnez C, Cibulskis K, Willert RA, Achilly NP, 
Cassidy RP, Fiorentini CJ, Heiken KF, Lawrence JJ, Mahoney MH, Miller CJ, 
Nair DT, Politi KA, Worcester KN, Setton RA, Dipiazza R, Sherman EA, 
Eastman JT, Francklyn C, Robey-Bond S, Rider NL, Gabriel S, Morton DH, 
Strauss KA: Genetic mapping and exome sequencing identify variants 
associated with five novel diseases. P/oS one 2012, 7(1):e28936. 

38. Baker S, Booth C, Fillman C, Shapiro M, Blair MP, Hyland JC, Ala-Kokko L: 
A loss of function mutation in the COL9A2 gene causes autosomal 
recessive Stickler syndrome. Am J Med Genet A 201 1, 155a(7):1 668-1 672. 



Uwineza ef al. BMC Medical Genetics 201 4, 1 5:79 Page 1 0 of 1 0 

http://www.biomedcentral.com/1471-2350/15/79 



39. 



40. 



42. 



43. 



44. 



45. 



47. 



49. 



50. 



52. 



53. 



54. 



55. 



Watabe T, Matsunaga T, Namba K, Mutai H, Inoue Y, Ogawa K: Moderate 
hearing loss associated with a novel KCNQ4 non-truncating mutation 
located near the N-terminus of the pore helix. Biochem Biophys Res Comm 
2013, 432(3):475-479. 

Xia JH, Liu CY, Tang BS, Pan Q, Huang L, Dai HP, Zhang BR, Xie W, Hu DX, 
Zheng D, Shi XL, Wang DA, Xia K, Yu KP, Liao XD, Feng Y, Yang YF, Xiao JY, 
Xie DH, Huang JZ: Mutations in the gene encoding gap junction protein 
beta-3 associated with autosomal dominant hearing impairment. 

Nat genet 1998, 20(4)370-373. 

Mullen SA, Suls A, De Jonghe P, Berkovic SF, Scheffer IE: Absence epilepsies 
with widely variable onset are a key feature of familial GLUT1 deficiency. 

Neurology 2010, 75(5):432-440. 

Hu H, Eggers K, Chen W, Garshasbi M, Motazacker MM, Wrogemann K, 
Kahrizi K, Tzschach A, Hosseini M, Bahman I, HuchoT, Muhlenhoff M, 
Gerardy-Schahn R, Najmabadi H, Ropers HH, Kuss AW: ST3GAL3 mutations 
impair the development of higher cognitive functions. Am J Hum Genet 
2011, 89(3) :407-4 14. 

Crane J, Fagerness J, Osiecki L, Gunnell B, Stewart SE, Pauls DL, Scharf JM: 
Family-based genetic association study of DLGAP3 in Tourette 
Syndrome. Am J Med Genet B Neuropsychiatr Genet 201 1, 156b(l):108-l 14. 
Bisgaard AM, Rackauskaite G, Thelie T, Kirchhoff M, Bryndorf T: Twins with 
mental retardation and an interstitial deletion 7q34q36.2 leading to the 
diagnosis of long QT syndrome. Am J Med Genet A 2006, 1 40(6):644-648. 
Caselli R, Mencarelli MA, Papa FT, Ariani F, Longo I, Meloni I, Vonella G, 
Acampa M, Auteri A, Vicari S, Orsi A, Hayek G, Renieri A, Mari F: Delineation 
of the phenotype associated with 7q36.1q36.2 deletion: long QT 
syndrome, renal hypoplasia and mental retardation. Am J Med Genet A 
2008, 146a(9):l 195-1 199. 

Rush ET, Stevens JM, Sanger WG, Olney AH: Report of a patient with 
developmental delay, hearing loss, growth retardation, and cleft lip and 
palate and a deletion of 7q34-36.1 : review of distal 7q deletions. Am J 

Med Genet A 2013, 1 61 a(7):l 726-1 732. 

Mefford HC, Muhle H, Ostertag P, von Spiczak S, Buysse K, Baker C, Franke A, 
Malafosse A, Genton P, Thomas P, Grunett CA, Schreiber S, Bassuk AG, 
Guipponi M, Stephani U, Helbig I, Eichler EE: Genome-wide copy number 
variation in epilepsy: novel susceptibility loci in idiopathic generalized 
and focal epilepsies. PLoS genetics 2010, 6(5):el 000962. 
Curran ME, Splawski I, Timothy KW, Vincent GM, Green ED, Keating MT: A 
molecular basis for cardiac arrhythmia: HERG mutations cause long QT 
syndrome. Cell 1995, 80(5)795-803. 

Sehested LT, Moller RS, Bache I, Andersen NB, Ullmann R, Tommerup N, 
Turner Z: Deletion of 7q34-q36.2 in two siblings with mental retardation, 
language delay, primary amenorrhea, and dysmorphic features. Am J 

Med Genet A 2010, 152a(12):31 15-31 19. 

Dobreva G, Dambacher J, Grosschedl R: SUMO modification of a novel 
MAR-binding protein, SATB2, modulates immunoglobulin mu gene 
expression. Gene Dev 2003, 17(24)3048-3061. 

Leoyklang P, Suphapeetiporn K, Siriwan P, Desudchit T, Chaowanapanja P, 
Gahl WA, Shotelersuk V: Heterozygous nonsense mutation SATB2 
associated with cleft palate, osteoporosis, and cognitive defects. 

Hum Mutat 2007, 28(7)732-738. 

Rosenfeld JA, Ballif BC, Lucas A, Spence EJ, Powell C, Aylsworth AS, Torchia 
BA, Shaffer LG: Small deletions of SATB2 cause some of the clinical 
features of the 2q33.1 microdeletion syndrome. PloS one 2009, 4(8):e6568. 
DeScipio C, Conlin L, Rosenfeld J, Tepperberg J, Pasion R, Patel A, McDonald 
MT, Aradhya S, Ho D, Goldstein J, McGuire M, Mulchandani S, Medne L, 
Rupps R, Serrano AH, Thorland EC, Tsai AC, Hilhorst-Hofstee Y, Ruivenkamp 
CA, Van Esch H, Addor MC, Martinet D, Mason TB, Clark D, Spinner NB, 
Krantz ID: Subtelomeric deletion of chromosome 1 0pl 5.3: clinical 
findings and molecular cytogenetic characterization. Am J Med Genet 
A 2012, 158a(9):2152-2161. 

Chen CX, Cho DS, Wang Q, Lai F, Carter KC, Nishikura K: A third member of 
the RNA-specific adenosine deaminase gene family, ADAR3, contains 
both single- and double-stranded RNA binding domains. RNA (New York, 
NY) 2000, 6(5)755-767. 

Van Esch H, Groenen P, Nesbit MA, Schuffenhauer S, Lichtner P, 
Vanderlinden G, Harding B, Beetz R, Bilous RW, Holdaway I, Shaw NJ, Fryns 
JP, Van de Ven W, Thakker RV, Devriendt K: GATA3 haplo-insufficiency 
causes human HDR syndrome. Nature 2000, 406(6794):41 9-422. 



56. Papanikolaou K, Paliokosta E, Gyftodimou J, Kolaitis G, Vgenopoulou S, Sarrl 
C, Tsiantis J: A case of partial trisomy of chromosome 8p associated with 
autism. J Autism Dev Disord 2006, 36(5)705-709. 

57. Weatherall DJ, Higgs DR, Bunch C, Old JM, Hunt DM, Pressley L, Clegg JB, 
Bethlenfalvay NC, Sjolin S, Koler RD, Magenis E, Francis JL, Bebbington D: 
Hemoglobin H disease and mental retardation: a new syndrome or a 
remarkable coincidence? New Engl J Med 1981, 305(1 1):607-612. 

58. Pfeifer D, Poulat F, Holinski-Feder E, Kooy F, Scherer G: The SOX8 gene is 
located within 700 kb of the tip of chromosome 16p and is deleted in a 
patient with ATR-16 syndrome. Genomics 2000, 63(1):108-1 16. 

59. Gibson WT, Harvard C, Qiao Y, Somerville MJ, Lewis ME, Rajcan-Separovic E: 
Phenotype-genotype characterization of alpha-thalassemia mental 
retardation syndrome due to isolated monosomy of 1 6p1 3.3. Am J Med 
Genet A 2008, 146a(2):225-232. 



doi:1 0.1 1 86/1 471-2350-1 5-79 

Cite this article as: Uwineza ef at: Array-CGH analysis in Rwandan 
patients presenting development delay/intellectual disability with 
multiple congenital anomalies. BMC Medical Genetics 2014 15:79. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



